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DESCRIPTION 

METHOD FOR MANUFACTURING CYLINDRICAL RING WITH BEAD AND 
METAL MOLD USED FOR THE METHOD 

5 Technical Field 

The present invention relates to methods for 
manufacturing cylindrical rings with beads available to, for 
example, reinforced rings for run-flat tires, and relates to 
metal molds used for the methods. 

10 

Background Art 

Electromagnetic forming is a method in which a 
momentary large current is applied to a coil to generate a 
strong magnetic field such that an object (conductor) 

15 disposed in the magnetic field is molded by an interaction 
between an eddy current generated at the object and the 
magnetic field. The electromagnetic forming is a known 
technique disclosed in, for example, Japanese Unexamined 
Patent Application Publication Nos. 6-312226, 9-166111, 58- 

20 4 601, and the like. The momentary large current is a 
current with a value of, for example, 10 kA or more. 

Japanese Unexamined Patent Application Publication No. 
6-312226 discloses an application of this electromagnetic 
forming to processing of a cylindrical member (hollow 

25 workpiece) . According to the description, a coil for 
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electromagnetic forming is inserted in the hollow workpiece 
of an extruded aluminum material, and molds for forming an 
expanded- tube shape are disposed adjacent to the outer 
circumference of the hollow workpiece E having a length 
5 corresponding to the coil. By applying a momentary large 
current to the coil in this arrangement, the outer 
circumference of the hollow workpiece is pressed toward the 
molds, and thus the outer circumference is molded into a 
shape corresponding to the molds. In this manner, a hollow 

10 component of which the cross-section is changed in the 
longitudinal direction is produced. 

However, when the above-described method was simply 
applied for manufacture of a cylindrical ring with beads, a 
dimensional accuracy of products was insufficient, and the 

15 productivity could not be increased either. In order to put 
the method for manufacturing the cylindrical ring with the 
beads by electromagnetic forming to practical use, various 
additional schemes have been required. 

The present invention is produced so as to solve the 

20 problems of the known method for manufacturing the 

cylindrical ring with the beads. It is an object of the 
present invention to produce highly accurate cylindrical 
rings with beads at low cost and with high productivity. 

25 Disclosure of Invention 
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Methods for manufacturing a cylindrical ring with beads 
according to the present invention are based on the steps of 
disposing a metal mold adjacent to the outer circumference 
or the inner circumference of a closed metallic base ring, 
5 the metal mold having a molding face that faces the base 

ring and having grooves for forming the beads on the molding 
face along the circumferential direction; disposing a coil 
for electromagnetic forming at the opposite side of the 
metal mold such that the base ring is interposed 

10 therebetween; applying a momentary large current to the coil 
in this arrangement; and deforming the base ring by pressing 
the base ring toward the molding face of the metal mold such 
that the base ring is molded into a shape corresponding to 
the molding face by electromagnetic forming, and 

15 improvements are added on these. 

First, manufacture of the cylindrical ring with the 
beads by electromagnetic forming will now be described, the 
present invention depending on the manufacture. 

In the present invention, the beads mean ribs 

20 protruding in the direction of the external diameter of the 
cylindrical ring. The cylindrical ring with the beads 
according to the present invention includes, for example, a 
reinforced ring for a run-flat tire. 

The above-described basic methods include the following 

25 two variations: That is to say, a method including the 
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steps of disposing a metal mold adjacent to the outer 
circumf erence of a closed metallic base ring, the metal mold 
having a molding face in the inner circumference and having 
grooves for forming the beads on the molding face along the 
5 circumferential direction; disposing a coil for 

electromagnetic forming adjacent to the inner circumference 
of the base ring; applying a momentary large current to the 
coil in this arrangement; and expanding the diameter of the 
base ring by pressing the base ring toward the molding face 

10 of the metal mold such that the base ring is molded into a 
shape corresponding to the molding face by electromagnetic 
forming (so-called flaring processing) , and a method 
including the steps of disposing a metal mold adjacent to 
the inner circumference of a closed metallic base ring, the 

15 metal mold having a molding face in the outer circumference 
and having ribs for forming the beads on the molding face 
along the circumferential direction; disposing a coil for 
electromagnetic forming adjacent to the outer circumference 
of the base ring; applying a momentary large current to the 

20 coil in this arrangement; and reducing the diameter of the 
base ring by pressing the base ring toward the molding face 
of the metal mold such that the base ring is molded into a 
shape corresponding to the molding face by electromagnetic 
forming (so-called nosing processing) . 

25 Metal molds used for electromagnetic forming include 
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the followings: A metal mold having the ring-shaped molding 
face in the inner circumference and having the grooves for 
forming the beads on the molding face along the 
circumferential direction, and a metal mold having the ring- 
5 shaped molding face in the outer circumference and having 

the ribs for forming the beads on the molding face along the 
circumferential direction and grooves at both sides of the 
ribs . 

Desirable materials for the base ring include copper, 

10 copper alloys, aluminum, and aluminum alloys that have high 
electrical conductivity. Moreover, in terms of the quality 
of these materials, annealed materials (type O defined by 
JIS H0001 for aluminum or aluminum alloys) and hot-worked 
materials (type F defined by JIS H0001 for the same) are 

15 desirable. Both of these materials have high electrical 
conductivity. Furthermore, the hot-worked materials are 
available at lower cost. In general, aluminum alloys have 
high electrical conductivity and relatively high strength. 
In particular, aluminum alloys of JIS 6000 series, 

20 especially, type 6063, type 6061, and the like are desirable. 
Among aluminum alloys of JIS 5000 series, type 5052 and the 
like are especially desirable. 

As a base ring used for electromagnetic forming, a 
rolled or extruded plate roll-bended into a ring and 

25 connected at the ends, or an extruded cylindrical material 
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cut to a predetermined length (length in the axial direction 
of extrusion) is available. 

The thickness of the extruded plate can be arbitrarily 
set. Accordingly, the thickness of the cylindrical ring 
5 after electromagnetic forming can be made uniform by 
thickening the plate at positions to be thinned after 
flaring or nosing by electromagnetic forming (the positions 
of the beads and the vicinity in flaring, and the positions 
of the grooves at both sides of the beads and the vicinity 

10 in nosing) in advance. 

Furthermore, a rolled or extruded plate spirally roll- 
bended into a tube and connected at the joints is also 
available to the cylindrical ring. In this case, a long 
spiral tube may be produced and cut to a required length as 

15 the cylindrical ring. 

When the cylindrical ring is formed by welding, butt 
welding having no overlapped portion is desirable. In the 
case of lap welding, a minute gap between the overlapped 
portions is unavoidable, and thus a spark may be generated 

20 at the gap during electromagnetic forming to prevent normal 
electromagnetic forming . 

Available welding methods include resistance welding, 
metal inert gas (MIG) welding, laser welding, friction stir 
welding (FSW) , and the like. Although a variety of profiles 

25 can be employed for a groove of the butt joint, a profile 
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having a uniform thickness over the circumference is 
desirable, and a profile having a thickness thinned after 
connecting at the connecting portion is especially 
undesirable. On the contrary, an extra reinforcement of a 
5 weld must be removed. Accordingly, laser welding having a 
small reinforcement of a weld is preferable. 

During electromagnetic forming, loads are repeatedly 
applied to a workpiece in a very short time. Thus, the 
workpiece shaped by electromagnetic forming has excellent 

10 shape-f ixability (small springback) , and a highly accurate 

cylindrical ring with beads can be produced so as to achieve 
accurate circularity. In particular, when the ring is 
molded by expanding the diameter in the radial direction, 
higher circularity can be achieved compared with that of the 

15 ring molded by reducing the diameter. Furthermore, work 
hardening through the electromagnetic forming is more 
remarkable compared with the known method. Accordingly, the 
beads (in particular, top portions of the beads) are 
strengthened by the work hardening. 

20 Applications of the cylindrical ring include a 

reinforced ring for a run-flat tire. The reinforced ring 
requires high circularity. Since treads (portions that are 
in contact with the ground through tires) correspond to the 
top portions of the beads, the cylindrical ring having high 

25 circularity and strengthened beads (i.e. flared by 
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electromagnetic forming) is especially suitable for the 
reinforced ring. A plate of aluminum or an aluminum alloy 
having a thickness of 3 mm or less is used as the reinforced 
ring . 

5 When an extruded cylindrical material is used for 

producing the cylindrical ring, the cylindrical ring does 
not have any connecting portions. However, the cylindrical 
ring normally has at least one connecting portion, desirably 
a connecting portion by butt welding. This connecting 
10 portion is formed parallel to or inclined to the axial 
direction. 

Next, features of the methods for manufacturing the 
cylindrical ring with the beads according to the present 
invention will now be described. 

15 The molding face of the metal mold is symmetrical with 

respect to a plane vertical to the axial direction at the 
central position of the axial direction. Furthermore, the 
central position of the base ring in the axial direction 
desirably corresponds to that of the molding face of the 

20 metal mold in the axial direction. The length of the base 

ring in the axial direction is reduced when the base ring is 
molded by flaring or nosing by electromagnetic forming 
(since portions of the ring are attracted into the grooves 
on the molding face) . However, the possibility of more 

25 uniform reduction and molding of the base ring is increased 



- 9 - 



with the molding face described as above. The axial 
direction of the molding face of the metal mold corresponds 
to that of the base ring. 

Preferably, the grooves on the metal mold according to 
5 the present invention have holes communicating with the 

exterior of the grooves. That is to say, vents or slits for 
degassing are formed in the grooves. Since molding is 
completed in a very short time of approximately a few 
hundred microseconds in electromagnetic forming, air left in 

10 gaps between the molding face and the base ring cannot 

escape during molding. Therefore, the air is trapped and 
highly pressurized in the gaps between the molding face and 
the portions pressed thereto at the grooves. The highly 
pressurized air prevents the portions from being pressed 

15 toward the molding face at the grooves, and causes problems 
such as hollows created on the surfaces of the beads after 
electromagnetic forming. This problem can be solved by 
forming vents or slits for degassing in the grooves. 

Preferably, the metal mold according to the present 

20 invention is formed of a plurality of pieces separable in 
the circumferential direction. With this structure, the 
cylindrical ring can easily be removed from the metal mold 
after molding. 

Preferably, when the metal mold having the ring-shaped 

25 molding face in the inner circumference and having the 
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grooves for forming the beads on the molding face along the 
circumferential direction is used for electromagnetic 
forming, the metal mold according to the present invention 
is formed of a plurality of mold segments separable in the 
5 axial direction at the grooves, and a gap is provided 

between two adjacent mold segments in the axial direction. 
When the metal mold having the ring-shaped molding face in 
the outer circumference and having the ribs for forming the 
beads on the molding face along the circumferential 

10 direction and the grooves at both sides of the ribs is used 
for electromagnetic forming, the metal mold according to the 
present invention is formed of a plurality of mold segments 
separable in the axial direction at the grooves, and a gap 
is provided between two adjacent mold segments in the axial 

15 direction. With these structures, slits are formed at the 

grooves over the entire circumference of the metal mold, and 
thus the problem of dents is completely solved. The axial 
direction herein means a direction of an axis of the molding 
face of the metal mold (or the cylindrical ring) . 

20 Preferably, when a dimensional accuracy is insufficient 

after molding the cylindrical ring by electromagnetic 
forming (flaring or nosing), the cylindrical ring is 
corrected by, for example, roll-correcting such that the 
dimensional accuracy of the beads and the like is improved. 

25 That is to say, an inner roll and an outer roll of which 
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outer dimensions are finished with a required accuracy are 
prepared, and the cylindrical ring molded into the shape 
corresponding to the molding face by electromagnetic forming 
is corrected by rotating the rolls while interposing the 
5 cylindrical ring between the inner roll and the outer roll. 

Preferably, the step of applying the momentary large 
current to the coil is repeated a plurality number of times 
such that the dimensional accuracy is improved. In this 
case, electromagnetic forming (nosing) may be performed 

10 after electromagnetic forming (flaring) , or the forming 

operations may be inversely preformed. Alternatively, the 
same forming operation of flaring or nosing may be repeated 
a plurality number of times. In all cases, the second and 
subsequent electromagnetic forming operations are regarded 

15 as correcting operations. 

Preferably, the metal mold has a circular cutting blade 
between each of molding faces corresponding to the 
cylindrical rings, and the cutting blade can cut the base 
ring when the base ring is pressed toward the molding faces 

20 of the metal mold. As a result, a plurality of cylindrical 
rings with beads can be produced at one time by 
electromagnetic forming (flaring or nosing) . In this case, 
the metal mold must have the plurality of molding faces each 
corresponding to a cylindrical ring in the axial direction, 

25 and the coil for the electromagnetic forming also requires a 
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length corresponding to the molding faces in the axial 
direction. In this case, the plurality of cylindrical rings 
can be separated at the same time as the electromagnetic 
forming, and thus the productivity is improved. 
5 Preferably, when the plurality of cylindrical rings are 

produced at one time but are not separated in the metal mold, 
rolls with cutting blades can be used to separate the 
cylindrical rings at the same time as roll-correcting in the 
same manner as the roll-correcting. 

10 Preferably, the base ring according to the present 

invention has -a large number of holes in the circumferential 
wall. These holes are preferably arranged in the 
circumference wall in a regular manner. The cylindrical 
ring can be reduced in weight by forming the plurality of 

15 holes in the circumference wall. The cylindrical ring can 
be effectively reduced in weight when the holes are formed 
in the approximately overall circumferential wall of the 
base ring in a regular manner. Such a base ring includes, 
for example, a ring produced by roll-bending a perforated 

20 metal and by connecting the ends, and a ring produced by 
spirally winding a perforated metal and by connecting the 
joints by welding. 

In electromagnetic forming, the base ring is pressed 
into the grooves of the molding face of the metal mold, and 

25 thus the base ring transfers in the axial direction along 
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the molding face of the metal mold. At this time, strong 
frictional resistance occurs between the molding face of the 
metal mold and the base ring. The formation of the 
plurality of holes in the base ring can reduce the contact 
5 area between the metal mold and the base ring that come into 
contact with each other in electromagnetic forming, and can 
reduce the frictional resistance therebetween. As a result, 
the base ring can smoothly enter the interior of the grooves 
from the exterior of the grooves of the molding face of the 

10 metal mold, resulting in more accurate molding. In 

particular, the large number of holes are effective when 
formed in the circumferential wall of the base ring along 
the circumferential direction at positions where portions of 
the base ring enter the interior of the grooves from the 

15 exterior of the grooves of the molding face of the metal 
mold in electromagnetic forming. In general, these 
positions are at both end portions of the base ring in the 
axial direction. 

Preferably, positioning holes during electromagnetic 

20 forming are formed in the base ring. For the cylindrical 
ring molded by electromagnetic forming (flaring), a large 
number of projections are formed in the molding face of the 
metal mold along the circumferential direction at positions 
where the internal diameter of the molding face is the 

25 smallest, a large number of holes are formed in the base 
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ring along the circumferential direction at positions 
corresponding to the projections, and the projections are 
fitted into the holes when the metal mold is disposed 
adjacent to the outer circumference of the base ring. In 
5 this case, the projections are desirably formed between two 
adjacent grooves on the molding face at the central position 
of the molding face of the metal mold in the axial direction, 
and also, the holes are desirably formed at the central 
position of the base ring in the axial direction. 

10 For the cylindrical ring molded by electromagnetic 

forming (nosing), a large number of projections are formed 
in the molding face of the metal mold along the 
circumferential direction at positions where the external 
diameter of the molding face is the largest, a large number 

15 of holes are formed in the cylindrical ring along the 

circumferential direction at positions corresponding to the 
projections, and the projections are fitted into the holes 
when the metal mold is disposed adjacent to the inner 
circumference of the cylindrical ring. In this case, the 

20 projections are desirably formed on the ribs on the molding 
face at the central position of the molding face of the 
metal mold in the axial direction, and also, the holes are 
preferably formed at the central position of the base ring 
in the axial direction. 

25 With these structures, the base ring is accurately 
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positioned in the metal mold, and the base ring fixed by 
these positioning holes also does not transfer in the axial 
direction during electromagnetic forming. 

Preferably, the base ring is in contact with the 
5 molding face of the metal mold at the central position of 
the molding face of the metal mold in the axial direction 
before electromagnetic forming. That is to say, in flaring, 
the internal diameter at the central position of the molding 
face of the metal mold in the axial direction is the 

10 smallest, and the outer circumference of the base ring is in 
contact with the molding face of the metal mold at the 
corresponding position. With this structure, the base ring 
is positioned at the corresponding position at molding, and 
thus more uniform molding can be performed. On the contrary, 

15 in nosing, the external diameter at the central position of 
the molding face of the metal mold in the axial direction is 
the largest, and the inner circumference of the base ring is 
in contact with the molding face of the metal mold at the 
corresponding position. In both cases, the central position 

20 of the molding face of the metal mold in the axial direction 
desirably corresponds to that of the base ring in the axial 
direction. 

Meanwhile, the holes formed in the base ring can be 
used to connect the molded cylindrical ring with other 
25 members. For example, in a reinforced ring for a run-flat 
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tire, resin is attached to the reinforced ring at both end 
portions in the axial direction. At this time, the resin 
flows into the holes such that the connection between the 
reinforced ring and the resin becomes more secure. 
5 In addition, the cylindrical ring molded by 

electromagnetic forming can be cut off in the 
circumferential direction, if necessary. The cutting 
direction is preferably parallel to or inclined to the axial 
direction of the cylindrical ring, for example. Two of such 

10 cylindrical rings can be linked together through respective 
cut-off portions (splits), and thus only a small space is 
required for storage or transportation. Furthermore, the 
cut-off portion of the cylindrical ring can be reconnected 
so as to close the ring again. For the reconnection by 

15 welding, butt welding is desirable, and in particular, laser 
welding having a small reinforcement of a weld is preferable. 

Brief Description of the Drawings 

Figs. 1(a) and 1(b) are a side view and a front view, 
20 respectively, of a base ring before electromagnetic forming. 

Figs. 2(a), 2(b), and 2(c) are a cross-sectional view, 
a side view, and a front view, respectively, of a 
cylindrical ring with beads after electromagnetic forming. 
Figs. 3(a) and 3(b) are cross-sectional views before 
25 and after molding, respectively, illustrating a method for 
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manufacturing a cylindrical ring with beads by. 
electromagnetic forming . 

Figs. 4(a), 4(b), and 4(c) are a side view, a cross- 
sectional view, and a partly enlarged view of the cross- 
5 sectional view, respectively, illustrating an exemplary 
structure of a metal mold for electromagnetic forming. 

Figs. 5(a) and 5(b) are cross-sectional views before 
and after molding, respectively, illustrating a method for 
manufacturing a cylindrical ring with beads by 
10 electromagnetic forming. 

Figs. 6(a) and 6(b) are a sectioned side view and a 
sectioned front view, respectively, illustrating a method 
for correcting a cylindrical ring with beads. 

Figs. 7(a) and 7(b) are cross-sectional views before 
15 and after correcting, respectively, illustrating the method 
for correcting the cylindrical ring. 

Figs. 8(a), 8(b), and 8(c) are cross-sectional views 
before molding, after a first-step molding, and a second- 
step molding, respectively, illustrating a method for 
20 molding a cylindrical ring with beads with multiple steps. 

Fig. 9 is a cross-sectional view illustrating a method 
for manufacturing a plurality of cylindrical rings with 
beads at one time. 

Figs. 10(a) and 10(b) are a sectioned side view and a 
25 sectioned front view, respectively, illustrating a method 
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for separating and correcting the connected cylindrical 
rings . 

Fig. 11 is a front view of another base ring used for 
the present invention . 
5 Fig. 12 is a front view of another base ring used for 

the present invention. 

Figs. 13(a) and 13(b) are cross-sectional views before 
and after molding, respectively, illustrating a method for 
manufacturing a cylindrical ring with beads using the above- 
10 described base ring. 

Fig. 14 is a front view of another base ring used for 
the present invention. 

Figs. 15(a) and 15(b) are cross-sectional views before 
and after molding, respectively, illustrating a method for 
15 manufacturing a cylindrical ring with beads using the above- 
described base ring. 

Fig. 16 is a front view of another base ring used for 
the present invention. 

Fig. 17(a) is a front view of a cylindrical ring with 
20 beads molded using the above-described base ring, and Fig. 
17 (b) is a cross-sectional view illustrating a state after 
the cylindrical ring is connected by resin. 

Figs. 18(a) and 18(b) are perspective views of 
cylindrical rings with beads cut off in the circumferential 
25 direction. 
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Figs. 19(a) and 19(b) are perspective views of the 
cylindrical rings reconnected by welding after being cut off. 

Figs. 20(a) and 20(b) are a side view and a cross- 
sectional view taken along line A - A in Fig. 20(a), 
5 respectively, of the cylindrical ring reconnected by rivets 
after being cut off. 

Figs. 21(a) and 21(b) are a side view and a cross- 
sectional view taken along line A - A in Fig. 21(a), 
respectively, of the cylindrical ring reconnected by resin 
10 after being cut off. 

Figs. 22(a) and 22(b) are a side view and a cross- 
sectional view taken along line A - A in Fig. 22(a), 
respectively, of the cylindrical ring reconnected by resin 
after being the cut off. 
15 Figs. 23(a) and 23(b) are schematic views illustrating 

the arrangement of the holes and gaps between two adjacent 
hole lines when a cylindrical ring with beads having a large 
number of holes is cut off in the circumferential direction. 

Figs. 24(a) and 24(b) are cross-sectional views before 
20 and after molding, respectively, illustrating a method for 
manufacturing a cylindrical ring with beads by 
electromagnetic forming . 

Figs. 25(a) to 25(d) illustrate methods for producing 
base rings. 



25 
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Best Mode for Carrying Out the Invention 

Methods for manufacturing a cylindrical ring with beads 
according to the present invention and the resultant 
cylindrical ring with the beads will now be described in 
5 detail with reference to Figs. 1 to 25. 

A base ring 1 shown in Fig. 1 is formed by roll-bending 
a plate of, for example, an aluminum alloy and by butt 
welding the ends. A reference numeral 2 denotes a 
connecting portion formed by the butt welding. 

10 Fig. 3 illustrates a method for molding the base ring 1 

by electromagnetic forming (flaring). In Fig. 3(a), a metal 
mold 6 is disposed adjacent to the outer circumference of 
the base ring 1, and has a molding face in the inner 
circumference and grooves 3 to 5 for forming beads on the 

15 molding face along the circumferential direction. A coil 

component 7 for electromagnetic forming is disposed adjacent 
to the inner circumference of the base ring 1. The molding 
face of the metal mold 6 is substantially rotationally 
symmetrical with respect to the central axis (although the 

20 molding face is not rotationally symmetrical with respect to 
the central axis in the strict sense of the word due to, for 
example, vents 11 (described below) , the molding face can be 
substantially regarded to be rotationally symmetrical with 
respect to the central axis in terms of the functionality) , 

25 and is substantially symmetrical with respect to a plane 
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vertical to the axial direction at the central position of 
the axial direction. Moreover, the central position of the 
molding face of the metal mold 6 in the axial direction 
corresponds to that of the base ring 1 in the axial 
5 direction. Small gaps are provided between the outer 

circumference of the base ring 1 and the inner circumference 
of the metal mold 6, and between the inner circumference of 
the base ring 1 and the coil component 7. 

The metal mold 6 is desirably composed of a metal with 

10 low electrical conductivity such as stainless steel. 
Materials other than metals, for example, structural 
materials having no electrical conductivity such as fiber- 
reinforced plastic or bakelite can also be employed. The 
grooves 3 to 5 formed on the molding face (inner 

15 circumference) of the metal mold 6 extend in the radial 

direction, and are undulated abreast with each other. Ends 
of the grooves 3 and 5 are connected to parallel end 
portions 8 and 9 of the molding face, respectively. 
Moreover, a large number of vents 11 for degassing are 

20 formed in bottom portions of the grooves 3 to 5 along the 
circumferential direction. The vents 11 may be long slits 
formed along the circumferential direction. The coil 
component 7 is formed of a molding coil 7a embedded in an 
electrical insulator . 

25 When a momentary large current is applied to the coil 
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component 7 in the state shown in Fig. 3(a), a force by 
magnetic repulsion is generated at the base ring 1. The 
diameter of the base ring 1 is then expanded, and the base 
ring 1 is pressed toward the molding face of the metal mold 
5 6 at that moment. Thus, as shown in Fig. 3(b), the base 
ring 1 is molded into a shape along the molding face so as 
to be a cylindrical ring 17 with beads. The cylindrical 
ring 17 includes short parallel portions 12 and 13 at both 
ends in the axial direction and three beads 14 to 16 (that 

10 are undulated abreast with each other) convexed in the 

radial direction along the circumferential direction between 
the parallel portions 12 and 13 (See Fig. 2 for a detailed 
shape) . The cylindrical ring 17 is substantially 
rotationally symmetrical with respect to the central axis, 

15 and is substantially symmetrical with respect to a plane 

vertical to the axial direction at the central position of 
the axial direction. The base ring 1 is attracted to the 
grooves 3 to 5 by the electromagnetic forming, and as a 
result, the width of the cylindrical ring 17 in the axial 

20 direction is made smaller than the width of the base ring 1 
in the axial direction. 

The metal mold 6 is formed of a plurality of pieces 
separable in the circumferential direction (See separable 
pieces 25a and 25b of a separable mold segment 25) such that 

25 the cylindrical ring 17 can be removed from the metal mold 6 
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after molding. 

Fig. 4 illustrates an exemplary structure of a metal 
mold including a plurality of mold segments separable in the 
axial direction. This metal mold 21 has a molding face in 
5 the inner circumference, and grooves 22 to 24 for forming 
beads on the molding face along the circumferential 
direction. The metal mold 21 is formed of a plurality of 
ring-shaped separable mold segments 25 to 28 separable in 
the axial direction at the grooves 22 to 24. The separable 
10 mold segments 25 to 2 8 are disposed with ring-shaped spacers 
29 to 31 interposed therebetween. As a result, gaps 32 to 
34 are provided between two adjacent separable mold segments 
25 to 28. 

Furthermore, the separable mold segment 25 (the same 
15 applies to the separable mold segments 2 6 to 28) is formed 

of a plurality of separable pieces 25a and 25b (in some 

cases, two or more separable pieces) separable in the 

circumferential direction and linked by bolts 35 and 

catching pieces 36. 
20 In Fig. 4, a reference numeral 37 denotes a bolt for 

fixing the separable mold segments 25 to 28, and a reference 

numeral 38 denotes a nut. 

In this metal mold 21, the separable mold segments 25 

to 28 each has a curved molding face being part of the 
25 grooves 22 to 24, and the molding faces and the gaps 32 to 
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34 disposed in the middle portions thereof (the bottom 
portions of the grooves 22 to 24) form the grooves 22 to 24, 
In other words, the groove 22 is formed of the curved 
molding faces of two adjacent separable mold segments 25 and 
5 2 6 and the gap 32 in the middle portion, the groove 23 is 

formed of the curved molding faces of two adjacent separable 
mold segments 2 6 and 27 and the gap 33 in the middle portion, 
and the groove 24 is formed of the curved molding faces of 
two adjacent separable mold segments 27 and 28 and the gap 

10 34 in the middle portion. The molding faces of the metal 
mold 21 are substantially rotationally symmetrical with 
respect to the central axis, and are substantially 
symmetrical with respect to a plane vertical to the axial 
direction at the central position of the axial direction. 

15 The gaps 32 to 34 are formed in the respective grooves 22 to 
24 over the entire circumference, and function as slits for 
degassing during electromagnetic forming. 

A base ring is disposed adjacent to the inner 
circumference of the metal mold 21 such that the central 

20 position of the molding face of the metal mold 21 in the 

axial direction corresponds to the central position of the 
base ring in the axial direction. In addition, a coil 
component for electromagnetic forming is disposed adjacent 
to the inner circumference of the base ring. When 

25 electromagnetic forming is performed with this arrangement, 
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the diameter of the base ring is expanded, and the base ring 
is pressed toward the molding face of the metal mold 21 (the 
separable mold segments 25 to 28) at that moment as in the 
case shown in Figs. 1 and 3. Thus, the base ring is molded 
5 into a shape along the molding face, whereas the base ring 
is freely deformed at the gaps 32 to 34 (the bottom portions 
of the grooves 22 to 24) in response to loads applied to the 
base ring. In short, top portions of beads of a cylindrical 
ring are formed in these gaps 32 to 34 (the bottom portions 

10 of the grooves 22 to 24) . By appropriately setting the 

widths of the gaps 32 to 34, degassing can be successfully 
performed, and the ring can be deformed at these gaps 32 to 
34 into a shape substantially along curved lines (See a 
virtual line E shown in Fig. 4(c)) formed by interpolating 

15 the molding faces of two adjacent separable mold segments 

interposed by the gaps 32 to 34. The resultant cylindrical 
ring with the beads is substantially rotationally 
symmetrical with respect to the central axis, and is 
substantially symmetrical with respect to a plane vertical 

20 to the axial direction at the central position of the axial 
direction . 

Fig. 5 illustrates a method for molding the base ring 1 
by electromagnetic forming (nosing). In Fig. 5(a), a metal 
mold 44 is disposed adjacent to the inner circumference of 
25 the base ring 1; and has a molding face in the outer 
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circumference, ribs 41 and 42 for forming beads on the 
molding face along the circumferential direction, and 
grooves 43a to 43c at both sides of the ribs. A coil 
component 45 for electromagnetic forming is disposed 
5 adjacent to the outer circumference of the base ring 1. 

Small gaps are provided between the inner circumference of 
the base ring 1 and the outer circumf erence of the metal 
mold 44, and between the outer circumference of the base 
ring 1 and the coil component 45. 

10 The ribs 41 and 42 formed on the molding face (outer 

circumference) of the metal mold 44 protrude in the radial 
direction and the grooves 43a to 43c extend in the radial 
direction. These ribs 41 and 42 and the grooves 43a to 43c 
are undulated abreast with each other, and ends of the 

15 grooves 43a and 43c are connected to parallel end portions 
4 6 and 47 of the molding face, respectively. The molding 
face of the metal mold 44 is substantially rotationally 
symmetrical with respect to the central axis, and is 
substantially symmetrical with respect to a plane vertical 

20 to the axial direction at the central position of the axial 
direction. Moreover, the central position of the molding 
face of the metal mold 44 in the axial direction corresponds 
to that of the base ring 1 in the axial direction. As in 
the case shown in Fig. 3, vents or slits 48 for degassing 

25 are formed in bottom portions of the grooves 43a to 43c. 
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When a momentary large current is applied to the coil 
component 45 in the state shown in Fig. 5(a), a force by 
magnetic repulsion is generated at the base ring 1. The 
diameter of the base ring 1 is then reduced, and the base 
5 ring 1 is pressed toward the molding face of the metal mold 
44 at that moment. Thus, as shown in Fig. 5(b), the base 
ring 1 is molded into a shape along the molding face so as 
to be a cylindrical ring 56 with beads. The cylindrical 
ring 56 includes short parallel portions 51 and 52 at both 

10 ends and two beads 53 and 54 (grooves 55a to 55c are formed 
at both sides of the respective beads, and are undulated 
abreast with the beads 53 and 54) convexed in the radial 
direction along the circumferential direction between the 
parallel portions 51 and 52. This cylindrical ring 56 is 

15 substantially rotationally symmetrical with respect to the 
central axis, and is substantially symmetrical with respect 
to a plane vertical to the axial direction at the central 
position of the axial direction. The base ring 1 is 
attracted to the grooves 43a to 43c by the electromagnetic 

20 forming, and as a result, the width of the cylindrical ring 
56 in the axial direction is made smaller than the width of 
the base ring 1 in the axial direction. 

The metal mold 44 is formed of a plurality of pieces 
separable in the circumferential direction such that the 

25 cylindrical ring 54 can be removed from the metal mold 44 
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after molding. 

Fig. 6 illustrates a method for roll-correcting to 
improve dimensional accuracy of a cylindrical ring 57 with 
beads after electromagnetic forming (flaring or nosing) . It 
5 may be performed, for example, when a dent is created on a 
bead due to insufficient degassing, or when the accuracy of 
a top portion of a bead that is freely deformed is low after 
electromagnetic forming using a type of the metal mold shown 
in Fig. 4. 

10 The roll-correcting is performed by holding the 

cylindrical ring 57 between an inner roll 58 and outer rolls 
59 of which outer dimensions are finished with a required 
accuracy, and by rotating the rolls while adjusting the 
shift of the inner roll 58. 

15 Fig. 7 illustrates a method for correcting by 

additional electromagnetic forming (nosing) to improve 
dimensional accuracy of a cylindrical ring 61 with beads 
molded by electromagnetic forming (flaring) . It may be 
performed, for example, when a dent is created on a bead due 

20 to insufficient degassing, or when the accuracy of a top 
portion of a bead that is freely deformed is low after 
electromagnetic forming using a type of the metal mold shown 
in Fig. 4. In this case, the diameter of the cylindrical 
ring 61 is expanded slightly larger than that in the final 

25 shape. 
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As shown in Fig. 7(a), a metal mold 65 is disposed 
adjacent to the inner circumference of the cylindrical ring 
61 that is molded by electromagnetic forming (flaring) in 
advance, and has a molding face corresponding to the final 
5 shape in the outer circumference and protrusions 62 to 64 

for correcting on the molding face along the circumferential 
direction. A coil component 66 for electromagnetic forming 
is disposed adjacent to the outer circumference of the 
cylindrical ring 61. The molding face of the metal mold 65 

10 is substantially rotationally symmetrical with respect to 

the central axis. A reference numeral 67 denotes a vent or 
a slit for degassing. Furthermore, the metal mold 65 is 
formed of a plurality of pieces separable in the 
circumferential direction as in the case described above. 

15 As shown in Fig. 7(b), when a momentary large current 

is applied to the coil component 66 in the state, 
electromagnetic forming (nosing) is performed as in the case 
shown in Fig. 5. Thus, the cylindrical ring 61 is molded, 
i.e. corrected, into a shape along the molding face of the 

20 metal mold 65 so as to be a cylindrical ring 69 with beads 
having a high dimensional accuracy. 

Fig. 8 illustrates a multi-step process for obtaining a 
cylindrical ring with beads having a high dimensional 
accuracy by repeating electromagnetic forming. 

25 First, as shown in Fig. 8(a), a metal mold 74 is 
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disposed adjacent to the outer circumference of the base 
ring 1, and has a molding face in the inner circumference 
and grooves 71 to 73 for forming beads on the molding face 
along the circumferential direction. A coil component 75 
5 for electromagnetic forming is disposed adjacent to the 

inner circumference of the base ring 1. The molding face of 
the metal mold 74 is substantially rotationally symmetrical 
with respect to the central axis. A large number of vents 
or slits 76 for degassing are formed in bottom portions of 
10 the grooves 71 to 73. Moreover, the metal mold 74 is formed 
of a plurality of pieces separable in the circumferential 
direction. 

When a momentary large current is applied to the coil 
component 75 in the state shown in Fig. 8(a), the diameter 

15 of the base ring 1 is expanded, and the base ring 1 is 

pressed toward the molding face of the metal mold 74 at that 
moment. However, the electrical energy applied to the coil 
component 75, i.e. the force by magnetic repulsion generated 
at the base ring 1, at this time is not set so large. 

20 Accordingly, as shown in Fig. 8(b), the base ring 1 is not 
molded into a shape sufficiently along the molding face (in 
particular, the grooves 71 to 73) of the metal mold 74. 
That is to say, the base ring 1 is attracted to the grooves 
71 to 73 so as to be convexed, whereas gaps are formed 

25 between a molded cylindrical ring 77 with beads and the 
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molding face (in particular, the grooves 71 to 73) of the 
metal mold 74. Therefore, even when air is shut in the gaps 
due to insufficient degassing, this does not lead to an 
extremely high pressure, and the problem of the dents is 
5 reduced. 

Next, as shown in Fig. 8(c), electromagnetic forming is 
performed again, and the cylindrical ring 77 is molded into 
the shape along the molding face (in particular, the grooves 
71 to 73) of the metal mold 74, i.e. the final shape this 

10 time. This molding can be regarded as a sort of correction. 

In this embodiment, the force by magnetic repulsion is 
generated more effectively by using a coil component 78 for 
electromagnetic forming having a larger coil diameter. A 
cylindrical ring 79 with beads is formed into a shape along 

15 the molding face of the metal mold 74 after molding, and is 
in almost close contact with the molding face. Since the 
volume of the air possibly shut in the grooves 71 to 73 is 
small compared with the molding of the base ring 1 into the 
cylindrical ring 79 in one step, the pressure is not 

20 excessively increased even with insufficient degassing, and 
the problem of the dents is resolved. 

In this embodiment, although two-step molding is 
performed by using the same metal mold 74, different metal 
molds (for preliminary molding and for finishing) may also 

25 be used. In that case, the base ring may be molded into a 
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shape along the molding face of the metal mold for 
preliminary molding in the first molding step. 

Fig. 9 illustrates a method for molding a plurality of 
(in this embodiment, two) cylindrical rings with beads in 
5 one step. A metal mold 82 is disposed adjacent to the outer 
circumference of a base ring 81 having a length 
corresponding to two rings, and has a molding face in the 
inner circumference. A coil component 83 for 
electromagnetic forming is disposed adjacent to the inner 

10 circumference of the base ring 81. Two sets of grooves 84 
to 86 for forming beads are formed on the molding face of 
the metal mold 82 along the circumferential direction 
abreast in the axial direction. A circular cutting blade 87 
is disposed inward in the intermediate position of the metal 

15 mold 82. A large number of vents or slits 88 for degassing 
are formed in bottom portions of the grooves 84 to 8 6 along 
the circumferential direction. Moreover, The metal mold 82 
is formed of a plurality of pieces separable in the 
circumferential direction. 

20 When a momentary large current is applied to the coil 

component 83 in the state shown in Fig. 9, a force by 
magnetic repulsion is generated at the base ring 81. The 
diameter of the base ring 1 is then expanded, and the base 
ring 1 is pressed toward the molding face of the metal mold 

25 82 at that moment. Thus, the base ring 81 is molded into a 
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shape along the molding face, and at the same time, is 
separated at the intermediate position by the cutting blade. 
As a result, two rings same as the cylindrical ring 17 shown 
in Fig. 3(b) can be produced at one time. 
5 When there is no cutting blade 87 in the metal mold 82 

shown in Fig. 9, the resultant cylinder with beads includes 
a plurality of cylindrical rings with beads linked together. 

Fig. 10 illustrates a method for roll-correcting and 
cutting to improve dimensional accuracy of such a cylinder 

10 91 with beads including a plurality of (two) cylindrical 

rings with beads linked together, and at the same time, to 
separate the cylinder 91 into a plurality of (two) 
individual cylindrical rings. The method for roll- 
correcting is basically the same as that shown in Fig. 6. 

15 However, in this case, a cutting blade 93 is formed in the 
intermediate position of an inner roll 92, and receiving 
blades 95 for the cutting blade 93 are formed in respective 
positions of outer rolls 94. The roll-correcting and 
cutting is performed by holding the cylinder 91 between the 

20 inner roll 93 and the outer rolls 94, and by rotating the 
rolls while the inner roll 93 is shifted. 

Fig. 11 illustrates a base ring 101 having a large 
number of holes 102 formed over the entire surface of the 
circumferential wall. This base ring 101 can be produced by 

25 roll-bending a rectangular metal plate (for example, a plate 
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of an aluminum alloy) having the holes 102 regularly 
arranged in a grid, i.e. a perforated metal, and by 
connecting the ends by welding or the like. 

When the base ring 101 is molded by electromagnetic 
5 forming using, for example, the metal mold 6 and the coil 

component 7 shown in Fig. 3, a lighter cylindrical ring with 
beads can be produced. Since the large number of holes 102 
are formed over the entire surface of the base ring 101, the 
degassing vents or slits formed in the metal mold 6 and the 

10 like, and the degassing gaps formed in the metal mold 21 
(See Fig. 4) are unnecessary. 

Fig. 12 illustrates a base ring 103 having a large 
number of holes 102 formed in the circumferential wall along 
the circumferential direction at both end portions in the 

15 axial direction in a symmetric manner. These holes 102 are 
arranged in two hole lines ( an outer hole line 102a and an 
inner hole line 102b) making a circuit of the 
circumferential wall at both end portions in the axial 
direction, and are disposed at regular intervals in the hole 

20 lines 102a and 102b. This base ring 103 can be produced by 
roll-bending a rectangular metal plate (for example, a plate 
of an aluminum alloy) having the plurality of holes 102 
arranged in two lines in parallel adjacent to the end 
portions in the axial direction along the circumferential 

25 direction, and by connecting the ends by welding or the like. 



- 35 - 



Fig. 13 illustrates a method for molding this base ring 
103 by electromagnetic forming. In Fig. 13(a), a metal mold 
106 (formed of a plurality of pieces separable in the 
circumferential direction as in the case for the metal mold 
5 6) is disposed adjacent to the outer circumference of the 
base ring 103, and has a molding face in the inner 
circumference and grooves 104 and 105 for forming beads on 
the molding face along the circumferential direction. A 
coil component 107 for electromagnetic forming is disposed 

10 adjacent to the inner circumference of the base ring 103. 
The molding face of the metal mold 106 is substantially 
rotationally symmetrical with respect to the central axis, 
and is substantially symmetrical with respect to a plane 
vertical to the axial direction at the central position of 

15 the axial direction. Moreover, the central position of the 
molding face of the metal mold 106 in the axial direction 
corresponds to that of the base ring 103 in the axial 
direction . 

When a momentary large current is applied to the coil 
20 component 107 in the state shown in Fig. 13(a), a force by 
magnetic repulsion is generated at the base ring 103. The 
diameter of the base ring 103 is then expanded, and the base 
ring 103 is pressed toward the molding face of the metal 
mold 106 at that moment. Thus, as shown in Fig. 13(b), the 
25 base ring 103 is molded into a shape along the molding face 



- 36 - 



so as to be a cylindrical ring 113 with beads. The 
cylindrical ring 113 includes short parallel portions 108 
and 109 at both ends in the axial direction and two beads 
111 and 112 (the beads 111 and 112 are undulated abreast 
5 with each other) convexed in the radial direction along the 
circumferential direction between the parallel portions 108 
and 109, This cylindrical ring 113 is substantially 
rotationally symmetrical with respect to the central axis 
(although the cylindrical ring is not rotationally 

10 symmetrical with respect to the central axis in the strict 
sense of the word due to, for example, the holes 102, the 
cylindrical ring can be substantially regarded to be 
rotationally symmetrical with respect to the central axis in 
consideration of the profile thereof) , and is substantially 

15 symmetrical with respect to a plane vertical to the axial 
direction at the central position of the axial direction. 

The base ring 103 is pressed into the grooves 104 and 
105 by the electromagnetic forming, and as a result, 
portions of the base ring 103 located at outer positions of 

20 the grooves 104 and 105 in the axial direction enter the 

grooves 104 and 105. Before molding, the holes 102 of the 
base ring 103 in both hole lines (the hole lines 102a and 
102b) are located at the outer positions of the grooves 104 
and 105 of the molding face of the metal mold 106. However, 

25 when the portions of the base ring 103 at both ends enter 
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the grooves 104 and 105, the hole lines 102b are located in 
the grooves 104 and 105 . In other words, in the base ring 
103, the hole lines 102b disposed at the inner positions in 
the axial direction are located on the beads 111 and 112, 
5 and the hole lines 102a disposed at the outer positions in 
the axial direction are located adjacent to borders between 
the parallel portion 108 and the bead 111 and between the 
parallel portion 109 and the bead 112. 

When the end portions of the base ring 103 enter the 

10 grooves 104 and 105 from the parallel end portions of the 
metal mold 106, frictional resistance between the molding 
face of the metal mold 106 and the base ring 103 is reduced 
since the contact area therebetween is reduced due to the 
holes 102 compared with the base ring 1 and the like having 

15 no holes. As a result, the base ring 103 can smoothly enter 
the grooves 104 and 105, and the electromagnetic forming can 
be accurately performed. Substantially the same effect as 
this can be accomplished also with the base ring 101. 

Fig. 14 illustrates a base ring 115 having a line of a 

20 large number of holes 102 formed in the middle position in 
the axial direction along the circumferential direction at 
regular intervals. This base ring 115 can be produced by 
roll-bending a rectangular metal plate (for example, a plate 
of an aluminum alloy) having the plurality of holes 102 

25 disposed in one line, and by connecting the ends by welding 
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or the like. 

Fig. 15 illustrates a method for molding this base ring 

115 by electromagnetic forming. In Fig. 15(a), a metal mold 

116 (formed of a plurality of pieces separable in the 

5 circumferential direction as in the case for the metal mold 
6) is disposed adjacent to the outer circumference of the 
base ring 115, and has a molding face in the inner 
circumference and grooves 117 and 118 for forming beads on 
the molding face along the circumferential direction. The 

10 intermediate portion 119 between the grooves 117 and 118 

protrudes inward, and projections 121 are formed along the 
circumferential direction at the top of the intermediate 
portion 119 where the internal diameter is the smallest at 
regular intervals. The molding face of the metal mold 116 

15 is substantially rotationally symmetrical with respect to 
the central axis (although the molding face is not 
rotationally symmetrical with respect to the central axis in 
the strict sense of the word due to, for example, 
projections 121, the molding face can be substantially 

20 regarded to be rotationally symmetrical with respect to the 
central axis in terms of the functionality) , and is 
substantially symmetrical with respect to a plane vertical 
to the axial direction at the central position of the axial 
direction . 

25 The intervals between two adjacent projections 121 of 
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the metal mold 116 correspond to the intervals between two 
adjacent holes 102 of the base ring 115. Also, when the 
metal mold 116 is disposed around the base ring 115, the 
internal diameter of the top of the intermediate portion 119 
5 substantially corresponds to the external diameter of the 
base ring 115 such that the projections 121 are fitted in 
the holes 102, and the molding face of the metal mold 116 is 
in contact with the outer circumference of the base ring 115 
at the top of the intermediate portion 119. 

10 When a momentary large current is applied to a coil 

component 122 for electromagnetic forming in the state shown 
in Fig. 15(a), a force by magnetic repulsion is generated at 
the base ring 115. The diameter of the base ring 115 is 
then expanded, and the base ring 115 is pressed toward the 

15 molding face of the metal mold 116 at that moment. Thus, as 
shown in Fig. 15(b), the base ring 115 is molded into a 
shape along the molding face so as to be a cylindrical ring 
127 with beads. The cylindrical ring 127 includes short 
parallel portions 123 and 124 at both ends in the axial 

20 direction and two beads 125 and 126 (both the beads 125 and 

126 are undulated abreast with each other) convened in the 
radial direction along the circumferential direction between 
the parallel portions 123 and 124. This cylindrical ring 

127 is substantially rotationally symmetrical with respect 
25 to the central axis, and is substantially symmetrical with 
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respect to a plane vertical to the axial direction at the 
central position of the axial direction. 

The base ring 115 is accurately positioned in the metal 
mold 116 by fitting the projections 121 of the metal mold 

5 116 into the holes 102 of the base ring 115. Accordingly, 
the middle portion of the base ring 115 also does not move 
in the axial direction during electromagnetic forming, and 
the molding can be performed accurately. 

When the diameter of the base ring 115 is reduced by 

10 electromagnetic forming (a metal mold is disposed inside the 
base ring 115), projections to be fitted into the holes 102 
of the base ring 115 are formed at positions where the 
external diameter of the molding face of the metal mold is 
the largest. The projections are desirably formed at the 

15 middle position in the axial direction as in the case for 
the above-described metal mold 116. In addition, when the 
metal mold is disposed inside the base ring 115, the 
external diameter of the molding face substantially 
corresponds to the internal diameter of the base ring 115. 

20 The holes 102 of the base ring 101 formed in the 

circumferential direction (in particular, the hole lines in 
the center or adjacent to the center) can also be available 
for positioning. 

Fig. 16 illustrates a base ring 131 having a line of a 

25 large number of holes 102 formed at each end portion in the 
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axial direction along the circumferential direction at 
regular intervals. A cylindrical ring 132 with beads 
(indicated by solid lines) shown in Fig. 17(a) is produced 
by molding the base ring 131 by electromagnetic forming 
5 using the metal mold 106 shown in Fig. 13. As indicated by 
virtual lines in Fig. 17(a), resin 133 is melted and 
attached to this cylindrical ring 132 at both end portions 
in the axial direction. The resin 133 flows in the holes 
102 as shown in Fig. 17(b), and thus the cylindrical ring 

10 132 and the resin 133 are firmly connected. 

The same effect as this can be accomplished also with 
the base rings 101 and 103. 

Figs. 18(a) and 18(b) illustrate cylindrical rings with 
beads that are molded by electromagnetic forming and then 

15 cut off in the circumferential direction. The cutting 

directions are parallel to the axial direction in Fig. 18(a) 
and inclined to the axial direction in Fig. 18(b), 
respectively. These cylindrical rings 134 and 135 with 
beads can be linked together through respective cut-off 

20 portions (splits 136 and 137) . 

The cut-off portions of these cylindrical rings 134 and 
135 can be reconnected by welding or the like, if necessary. 
Figs. 19(a) and 19(b) illustrate the cylindrical rings 134 
and 135 that are reconnected by welding (welds 138 and 139) . 

25 The cylindrical rings 134 and 135 may be used both in 
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the state where the cylindrical rings are cut off in the 
circumferential direction (See Fig. 18) and in the state 
where the cut-off portions are reconnected (See Fig. 19) . 
It is desirable in some applications that the cutting 
5 direction be inclined to the axial direction. For example, 
when the cylindrical ring 135 having the inclined cutting 
portion is used as a reinforced ring for a run-flat tire and 
the length tl of the split 137 or the weld 139 in the 
circumferential direction is larger than the width. tO of a 

10 contact surface in the circumf erential direction, the load 
of the total car weight is not concentrated on the entire 
split 137 or the entire weld 139 having relatively low 
strength at one time. 

When a cylindrical ring with beads having a plurality 

15 of holes is cut off in the circumferential direction and is 
then reconnected, the above-described holes 102 can be used 
for the connection. This will be described with reference 
to the cylindrical ring 132 as an example. 

Fig. 20 illustrates the cylindrical ring 132 that is 

20 cut off in the circumferential direction and is then 
connected by rivets 141 at the end portions partly 
overlapped. The rivets 141 pass through the overlapped 
holes 102 so as to connect the end portions. 

Fig. 21 illustrates the cylindrical ring 132 that is 

25 cut off in the circumferential direction and is then 
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connected by melted resin 142 at the end portions partly 
overlapped. The resin 142 flows into the overlapped holes 
102, and is cured to connect the end portions. 

Fig. 22 illustrates the cylindrical ring 132 that is 
5 cut off in the circumferential direction so as to form an 
open split 143 and is then connected by melted resin 144 at 
the split 143. The resin 144 flows into the overlapped 
holes 102, and is cured to connect the end portions. In 
this case, the end portions may be connected by the resin 

10 144 while the split 143 is closed. 

When a cylindrical ring with beads having a plurality 
of holes is cut off in the circumferential direction, in 
particular, when the cutting line is inclined to the axial 
direction, it is sometimes desirable that the plurality of 

15 holes 102 be in a staggered arrangement (the positions of 

the holes 102 of two adjacent hole lines are shifted by half 
a pitch in the circumferential direction) shown in Fig. 
23(b) rather than a grid arrangement (See the base ring 101 
in Fig. 11) shown in Fig. 23(a). It is because, when 

20 viewing oblique hole lines formed of the plurality of holes 
102, the gaps (h2) between two adjacent hole lines in the 
staggered arrangement can be made wider than the gaps (hi) 
in the grid arrangement (h2 > hi) as shown in Figs. 23(a) 
and 23 (b) . As a result, the cylindrical ring having the 

25 holes in the staggered arrangement can be cut more easily, 
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and can also be weld more easily when it is reconnected. 

Fig. 24 illustrates a method for molding the base ring 
1 by electromagnetic forming using a metal mold 156 (formed 
of a plurality of pieces separable in the circumferential 
5 direction as in the case for the metal mold 6) . The metal 
mold 156 is similar to the metal mold 106. The metal mold 
156 has a molding face in the inner circumference, and has 
grooves 151 and 152 for forming beads on the molding face 
along the circumferential direction. The intermediate 

10 portion 153 of the grooves 151 and 152 protrudes inward, and 
the internal diameter of the molding face is the smallest at 
the intermediate portion 153. The molding face of the metal 
mold 156 is substantially rotationally symmetrical with 
respect to the central axis, and is substantially 

15 symmetrical with respect to a plane vertical to the axial 
direction at the central position of the metal mold 156 in 
the axial direction. 

As shown in Fig. 24(a), the base ring 1 is disposed 
inside the metal mold 106, and furthermore, a coil component 

20 157 for electromagnetic forming is disposed adjacent to the 
inner circumference of the base ring 1. The external 
diameter of the base ring 1 substantially corresponds to the 
internal diameter of the intermediate portion 153 of the 
metal mold 106, and the molding face of the metal mold 156 

25 is in contact with the outer circumference of the base ring 
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1 in the intermediate portion 153. In addition, the central 
position of the molding face of the metal mold 156 in the 
axial direction corresponds to the central position of the 
base ring 1 in the axial direction. 
5 When a momentary large current is applied to the coil 

component 157 in the state shown in Fig. 24(a), a force by 
magnetic repulsion is generated at the base ring 1. The 
diameter of the base ring 1 is then expanded, and the base 
ring 1 is pressed toward the molding face of the metal mold 

10 156 at that moment. Thus, as shown in Fig. 24(b), the base 
ring 1 is molded into a shape along the molding face so as 
to be a cylindrical ring 164 with beads. The cylindrical 
ring 164 includes short parallel portions 158 and 159 at 
both ends in the axial direction and two beads 161 and 162 

15 (both the beads 161 and 162 are undulated together with a 
small-diameter portion 163 therebetween) convexed in the 
radial direction along the circumferential direction between 
the parallel portions 158 and 159. This cylindrical ring 
164 is substantially rotationally symmetrical with respect 

20 to the central axis, and is substantially symmetrical with 
respect to a plane vertical to the axial direction at the 
central position of the axial direction. 

When using this method, since the middle position of 
the base ring 1 in the axial direction is positioned at the 

25 intermediate portion 153 (the middle position of the molding 
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face in the axial direction) where the internal diameter of 
the molding face of the metal mold 156 is the smallest, more 
uniform molding can be performed. 

Figs. 25(a) to 25(d) illustrate a method for 
5 manufacturing a base ring. A base ring 171 shown in Fig. 
25(a) is different from the above-described base ring 1 in 
terms of a connecting portion (weld bead) 172 oblique to the 
axial direction by butt welding. Due to the oblique 
connecting portion 172, weight balance of the base ring 171 

10 in the circumferential direction is improved compared with 
the base ring 1 having the connecting portion 2 parallel to 
the axial direction. 

A base ring 173 shown in Fig. 25(b) is formed by 
spirally curling a rolled plate and connecting the joints, 

15 and has a connecting portion (weld bead) 174 making a 

circuit of the cylinder. Although the connecting portion of 
the base ring 173 is long, weight balance of the base ring 
173 in the circumferential direction is excellent. 

Fig. 25(c) illustrates a method for manufacturing a 

20 plurality of base rings 173 by producing a spiral tube in 
advance by spirally curling a rolled plate and connecting 
the joints, and by cutting the tube to a predetermined 
length (cutting positions are indicated by virtual lines) . 
Fig. 25(d) illustrates a method for manufacturing a 

25 plurality of base rings 175 by producing a spiral tube 



- 47 - 



having a dense connecting portion 17 6, and by cutting the 
tube to a predetermined length (cutting positions are 
indicated by virtual lines) . Although the connecting 
portions 17 6 of these base rings 175 are made longer, weight 
5. balance of the base rings 175 in the circumferential 
direction is excellent. 
EXAMPLE 

A base ring similar to that shown in Fig. 1 was molded 
from a plate of an aluminum alloy, and a cylindrical ring 

10 with beads was produced by molding the base ring by 
electromagnetic forming . 

The aluminum-alloy plate as a raw material was an 
extruded plate (type 6061-F) . The plate was formed into a 
cylinder by roll-bending using three rolls such that the 

15 extruding direction corresponded to the feeding direction of 
the roll-bending, and the ends were butt-welded (the 
connecting portion was parallel to the central axis 
direction of the ring) . The cylindrical ring had a 
thickness of 2.2 mm, an internal diameter of 494 mm, and a 

20 width of 222 mm in the axial direction. For welding, laser 
welding and MIG welding were performed. The laser welding 
was performed under a condition with a power of 40 kW, a 
speed of 3 m/min, a wire A5356WY with a diameter of 1.2 mm, 
a feeding speed of 4 m/min, and an atmospheric gas of 100% 

25 argon supplied at 25 1/min. The MIG welding was performed 
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under a condition with a current of 80 A, a voltage of 18 V, 
a wire A5356WY with a diameter of 1.2 mm, a feeding speed of 
60 cm/min, and an atmospheric gas of 100% argon supplied at 
15 1/min. 

5 Then, this base ring was molded by electromagnetic 

forming (flaring) using a metal mold and a coil component 
for electromagnetic forming similar to those shown in Fig. 4. 
The minimum diameter of the molding face of the metal mold 
(the diameter between parallel portions at both ends) was 

10 504 mm, the diameter of the coil component was 490 mm, and 

the length of the stabilized magnetic-field area of the coil 
component (the area where substantially the same magnetic 
flux density is obtained) was 250 mm. The cylindrical ring 
was disposed in the center of this stabilized magnetic-field 

15 area, and the applied energy was 45 kJ. 

Fig. 2 illustrates a cylindrical ring with beads molded 
by electromagnetic forming. In both welding methods, the 
cylindrical ring had an internal diameter of 500 mm, an 
external diameter of 570 mm, a thickness of 2 mm at the ends, 

20 and a width of 192 mm in the axial direction; and was molded 
into a shape along the molding face of the metal mold 
without any dents on the beads. 

Industrial Applicability 
25 According to the present invention, an accurate 
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cylindrical ring with beads can be produced by 
electromagnetic forming at low cost and with high 
productivity. Furthermore, the cylindrical ring molded by 
flaring has excellent properties as a reinforced ring 
5 especially for a flat tire. 



